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SPECIFICATION 



AGENT FOR TREATING DIABETES MELLITUS 



TECHNICAL FIELD 



5 



The present Invention relates to an agent for 



treating diabetes, an agent for regenerating p-cells in 
pancreatic Langerhans ' islets and an agent for preventing 
p-cell disruption in pancreatic Langerhans' islets, each 
agent comprising a stem cell-recruiting factor or factors 
10 as an active ingredient ( s ) • The present invention also 
relates to a method for producing pancreatic Langerhans 
P-cells, which comprises administering a stem cell- 
recruiting factor or factors. 

15 BACKGROUND ART 

Diabetes is a group of diseases characterized by 
chronic hyperglycemia induced by a lack of insulin action, 
along with various characteristic metabolic abnormalities. 
Prolonged metabolic abnormalities tend to cause inherent 

20 complications and also promote arteriosclerosis . Diabetes 
can be broadly divided into type I and type II. Type I is 
characterized by p-cell disruption in pancreatic 
Langerhans' islets as its onset mechanism, while reductions 
in both insulin secretion and insulin sensitivity (insulin 

25 resistance) are involved in the onset of type II. 

Pancreatic Langerhans p-cells are one of four secretoary 
cells (a-cells, p-cells, 6-cells and PP cells) constituting 
Langerhans' islets (pancreatic islets) and secrete insulin. 
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It is reported that there are about two million 
diabetic patients In Japan. For treatment of diabetes, 
diet therapy, exercise therapy and drug therapy including 
insulin therapy have been used. These therapies enable 
5 diabetes to be controlled to some extent, but each therapy 
still has problems. 

Namely, diet therapy prescribes calorie restriction 
as well as protein restriction for patients whose condition 
is further complicated by nephropathy, although this 

10 therapy should be followed every day over a long period of 
time. Moreover, as diet therapy is mostly controlled by 
the patients themselves or their feunily members, there is a 
problem that many patients give up continuing the therapy. 
Exercise therapy is also Important in that it must 

15 become an everyday activity of the patient. However, when 
attention is directed exclusively to exercise therapy while 
ignoring diet therapy, exercise therapy will have the 
opposite effect on diabetes control to what was Intended, 
as a result of increased appetite. 

20 In drug therapy, insulin is used for treatment of a 

part of type I and type II diabetes. However, although 
insulin therapy has a dramatic effect on the reduction of 
blood glucose, the therapy requires daily administration of 
self -injections and is merely a symptomatic . treatment . On 

25 the other hand, oral hypoglycemic agents Include 

sulfonylurea (SU) drugs and blguanide drugs. However, 
these drugs have problems such as p-cell exhaustion induced 
by the random use of SU drugs and side effects of lactic 



acidosis caused by blguanlde drugs. Under present 
circumstances, all of these drugs are vised for symptomatic 
treatment and there Is no therapeutic agent for a radical 
treatment. Thlazolldlne derivatives recently developed as 
agents for ameliorating Insulin resistance also cause many 
side effects and tend to produce results clearly polarized 
between effective and non-effective. 

At present, based on the concept of radical 
treatment, attempts have been made to develop p-cell 
transplantation using embryonic stem cells or 
differentiation- Inducing therapy involving expression of a 
specific gene In p-cell progenitors within pancreatic 
tissues, and these attempts have reached the preclinical 
stage. 

Recent studies have indicated that stem cells present 
In the bone marrow are plurlpotent and differentiated into 
blood vessels or cardiac muscle cells, etc. Likewise, it 
has been found that bone marrow- derived cells are also 
differentiated into endodermal tissues such as intestinal 
cells or pancreatic p-cells and are Involved in the 
regeneration of these tissues. 

Human G-CSF is a hematopoietic factor found as a 
differentiation- inducing factor for hematopoietic stem 
cells of the granulocytic lineage and is clinically used as 
a therapeutic agent for neutropenia following bone marrow 
transplantation or cancer chemotherapy because it promotes 
In vivo hematopoiesis of neutrophils. In addition to this 
action, human G-CSF acts on stem cells to stimulate their 



differentiation and proliferation, and also recruits stem 
cells from the bone marrow into the peripheral blood. 
Based on the latter action, in fact, transplantation of the 
peripheral blood hematopoietic stem cells recruited by 
5 human G-CSF, i.e., peripheral blood stem cell 

transplantation is performed in a clinical setting, with 
the aim of accelerating hematopoietic recovery in cancer 
patients after intensive chemotherapy. 

10 DISCLOSURE OF THE INVENTION 

The object of the present invention is to provide a 
method for treating diabetes which is simple, safe and 
effective when compared to conventional diabetes treatment. 
The inventors of the present invention have examined 
15 the repairing effects on disrupted organs or the like using 
stem cell-recruiting action of G-CSF. As a result, the 
inventors have found that disrupted pancreatic Langerhans 
p-cells can be repaired by G-CSF administration and hence 
G-CSF is useful as a therapeutic agent for diabetes. This 
20 finding led to the completion of the present invention. 

Namely, the present invention provides an agent for 
treating diabetes, which comprises a stem cell -recruiting 
factor or factors as an active ingredient(s) . 

The present invention also provides an agent for 
25 regenerating p-cells in pancreatic Langerhans' islets, 

which comprises a stem cell-recruiting factor or factors as 
an active ingredient ( s ) . 

The present invention further provides an agent for 
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preventing ^-cell disruption In pancreatic Langerhans ' 
Islets, which comprises a stem cell-recrultlng factor or 
factors as an active Ingredient ( s) . 

The present Invention further provides a method for 
5 producing pancreatic Langerhans |3-cells, which comprises 

the steps of: (a) collecting stem cells after administering 
a stem cell-recrultlng factor or factors; and (b) 
differentiating the collected stem cells Into pancreatic 
Langerhans p-cells. 

10 

BRIEF DESCRIPTION OF DRAWINGS 

Figure 1 Is a graph showing the Influence of G-CSF 
administration on blood glucose concentrations . 

Figure 2 shows pancreatic Langerhans ^-cells 

15 Immunostalned with an antl-lnsulln antibody. The left 
panel shows normal mouse tissue, the upper right panel 
shows the mouse tissue administered with a vehicle after 
streptozocln administration, and the lower right panel 
shows the mouse tissue administered with G-CSF after 

20 streptozocln administration. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The agent for treating diabetes of the present 
Invention comprises a stem cell-recrultlng factor or 
25 factors as an active Ingredient ( s ) • 

The agent for treating diabetes of the present 
Invention may be targeted at any type of diabetes, either 
type I or type II diabetes, preferably type II diabetes. 
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Examples of stem cells Include embryonic stem cells 
(ES cells), undifferentiated cells in the pancreatic duct, 
hepatic stem cells in the liver and intestinal stem cells. 
Any factor may be used as a stem cell -recruiting 
5 factor as long as it can perform the action of recruiting 
stem cells. Specific examples of a stem cell-recruiting 
factor include, for example, colony- stimulating factors 
(e.g., granulocyte -macrophage colony- stimulating factor 
(GM-CSF), granulocyte colony- stimulating factor (G-CSF)), 

10 stem cell factor (SCF), and erythropoietin (EPO) . 

Preferred are colony- stimulating factors and more preferred 
is granulocyte colony- stimulating factor (G-CSF). 

G-CSF suitable for use as an active ingredient in the 
agent for treating diabetes of the present invention is not 

15 limited in any way, but it is preferable that the G-CSF is 

highly purified. Specific examples include mcuranalian G-CSF, 
particularly those having substantially the same biological 
activities as human G-CSF. G-CSF used herein may be of any 
origin, including those naturally occurring and those 

20 produced recombinant ly, with recombinant ly produced G-CSF 
being preferred. Such recombinantly produced G-CSF may 
have the same amino acid sequence as naturally- occurring 
G-CSF (see SEQ ID NO: 1) or may comprise deletion, 
substitution and/or addition of one or more amino acid 

25 residues in the eimino acid sequence as long as it retains 

the same biological activities as naturally- occurring G-CSF. 
Amino acid deletions, substitutions or additions may be 
accomplished in a manner known to those skilled in the art. 



For example, those skilled In the art will be able to use 
site-specific mutagenesis (Gotoh, T. et al. (1995) Gene 152, 
271-275; Zoller, M.J. and Smith, M. (1983) Methods Enzymol. 
100, 468-500; Kramer, W. et al. (1984) Nucleic Acids Res. 
5 12, 9441-9456; Kramer, W. and Fritz, H.J. (1987) Methods 

Enzymol. 154, 350-367; Kunkel, T.A. (1985) Proc. Natl. Acad. 
Sci. USA. 82, 488-492; Kunkel (1988) Methods Enzymol. 85, 
2763-2766) or other techniques to introduce appropriate 
mutations into the amino acid sequence of G-CSF, thereby 

10 preparing a polypeptide functionally equivalent to G-CSF. 
Likewise, amino acid mutations may also occur in the 
natural world. In general, amino acid residues to be 
substituted are preferably replaced with other amino acids 
in such a manner as to conserve the nature of amino acid 

15 side chains. With regard to the nature of amino acid side 
chains, examples include hydrophobic amino acids (A, I, L, 
M, F, P, W, Y, V), hydrophilic amino acids (R, D, N, C, E, 
Q, G, H, K, S, T), amino acids having an aliphatic side 
chain (G, A, V, L, I, P), amino acids having a hydroxy- 

20 containing side chain (S, T, Y), cunino acids having a 

sulfur- containing side chain (C, M) , amino acids having a 
carboxylic acid- or amide -containing side chain (D, N, E, 
Q), amino acids having a base-containing side chain (R, K, 
H), and eimino acids having an aromatic-containing side 

25 chain (H, F, Y, W) (capital letters in parentheses refer to 
the corresponding eunino acids in single-letter notation) . 
It is already known that a polypeptide having an eimino acid 
sequence modified from another amino acid sequence by 



deletion and/or addition of one or more amino acid residues 
and/or by their substitution with other amino acids retains 
the same biological activities as the original polypeptide 
(Mark, D.F. et al., Proc, Natl. Acad. Scl. USA (1984) 81, 
5 5662-5666; Zoller, M.J. & Smith, M. Nucleic Acids Research 
(1982) 10, 6487-6500; Wang, A. et al. , Science 224, 1431- 
1433; Dalbadle-McFarland, G. et al. , Proc. Natl. Acad. Scl. 
USA (1982) 79, 6409-6413). 

It Is also possible to use fusion proteins between 

10 G-CSF and other proteins. To prepare a fusion polypeptide, 
for example, DNA encoding G-CSF and DNA encoding another 
protein may be llgated together In-frame, Introduced Into 
an expression vector and then expressed In a host. Other 
proteins to be fused herein with G-CSF are not limited In 

15 any way. 

Moreover, It Is also possible to use chemically 
modified G-CSF. Examples of chemically modified G-CSF 
Include those modified by structural alteration, addition 
and/or deletion of sugar chains, as well as those 

20 conjugated with a compound such as an Inorganic or organic 
compound (e.g., polyethylene glycol, vitamin B12). 

G-CSF used In the present Invention may be prepared 
In any manner, for example, by culturlng human tumor cell 
lines or human G-CSF-produclng hybrldoma cell lines or by 

25 genetically engineered production In E. coll cells, yeast 
cells, Chinese hamster ovary (CHO) cells, C127 cells, COS 
cells, myeloma cells, BHK cells. Insect cells, etc. G-CSF 
thus prepared Is extracted. Isolated and purified In 



various manners before use. G-CSF used In the present 
invention is preferably a genetically engineered one, more 
preferably G-CSF produced in mammalian cells (particularly 
CHO cells) (e.g., JP 1-44200 B, JP 2-5395 B, JP 62-129298 A, 
5 JP 62-132899 A, JP 62-236488 A, JP 64-85098 A). 

If necessary, depending on the administration mode 
and the dosage form, the agent for treating diabetes of the 
present invention may be supplemented as appropriate with a 
suspending agent, a solubilizing agent, a stabilizing agent, 
10 an isotonizing agent, a preservative, an ant i- adsorption 

agent, a surfactant, a diluent, an excipient, a pH adjuster, 
a soothing agent, a buffer, a sulfur-containing reducing 
agent, an antioxidant or the like. 

Examples of a suspending agent include 
15 methylcellulose, Polysorbate 80, hydroxyethylcellulose, gum 
arable, powdered tragacanth, carboxymethylcellulose sodiiim, 
and polyoxyethylenesorbitan monolaurate. 

Examples of a solubilizing agent include 
polyoxy ethylene hydrogenated- castor oil, Polysorbate 80, 
20 nicotineunide, polyoxyethylenesorbitan monolaurate, Magrogol, 
and an ethyl ester of castor oil fatty acid. 

Examples of a stabilizing agent include Dextran 40, 
methylcellulose, gelatin, sodium sulfite, and sodium 
metasulf ite. 

25 Examples of an isotonizing agent include D-mannitol 

and sorbitol. 

Examples of a preservative include methyl 
paraoxybenzoate, ethyl paraoxybenzoate, sorbic acid, phenol. 



cresol, and chlorocresol . 

Examples of an antl-adsorptlon agent Include human 
serum albumin, lecithin, dextran, ethylene oxide- propylene 
oxide copolymers, hydroxypropylcellulose, methylcellulose, 
5 polyoxyethylene hydrogenated castor oil, and polyethylene 
glycol . 

Examples of a sulfur- containing reducing agent 
include those having a sulfhydryl group such as 
N-acetylcysteine, N-acetylhomocysteine, thioctic acid, 
10 thiodiglycol , thioethanolamine , thioglycerol, thiosorbitol, 
thioglycolic acid and a salt thereof, sodium thiosulfate, 
glutathione, and a C1-C7 thioalkanoic acid. 

ExcLmples of an antioxidant include erythorbic acid, 
dibutylhydroxy toluene , butylhydroxyanisole , a- tocopherol , 
15 tocopherol acetate, L-ascorbic acid and a salt thereof, 

L-ascorbyl palmitate, L-ascorbyl stearate, sodium bisulfite, 
sodium sulfite, triamyl gallate and propyl gallate, as well 
as chelating agents such as ethylenediaminetetraacetic acid 
disodium salt (EDTA) , sodixim pyrophosphate and sodium 
20 metaphosphate. 

Furthermore, the agent for treating diabetes of the 
present invention may comprise other commonly used 
ingredients, e.g., inorganic salts such as sodium chloride, 
potassium chloride, calcium chloride, sodium phosphate, 
25 potassium phosphate and sodium bicarbonate, as well as 

organic salts such as sodium citrate, potassium citrate and 
sodium acetate. 

The agent for treating diabetes of the present 
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invention may be administered in a dosage form of 
injections (e.g., subcutaneous, intracutaneous, 
intramuscular, intravenous or intraperitoneal injections), 
in any dosage form suitable for transdermal, transmucoisal 
5 or transnasal administration or in any dosage form suitable 
for oral administration (e.g., tablets, capsules, granules, 
solutions, suspensions). The present invention is not 
limited by the route of administration or dosage form, etc. 
In the agent for treating diabetes of the present 
10 invention which comprises a stem cell-recruiting factor or 
factors as an active ingredient ( s ) , the dose and frequency 
of its administration can be determined as appropriate by 
those skilled in the art by taking into account symptoms of 
a diseased patient to be treated. In general, the stem 
15 cell -recruiting f actor (s) may be administered at a dose of 
0.1 to 500 (ig/kg/day per adult, preferably 1 to 50 
[ig/kg/day per adult, for 1 to 7 days per week. However, 
the present invention is not limited by the dose of the 
stem cell-recruiting f actor (s). 
20 After the agent for treating diabetes of the present 

invention is administered to increase the number of stem 
cells in the bone marrow and the peripheral blood, the 
cells can be collected and differentiated into p-cells in 
vitro. The p-cells thus differentiated may be returned to 
25 the body for use in treatment. 

Since human G-CSF is already clinically used, e.g., 
as a therapeutic agent for neutropenia, the administration 
of human G-CSF is particularly preferred for recruiting 
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stem cells into the peripheral blood to replenish disrupted 
pancreatic p- cells. 

In the case of administering p -cell-regenerating 
factors other than stem cell -recruiting factors, these 
5 factors can be expected to produce an Increased therapeutic 
effect when co- administered with a stem cell-recruiting 
factor(s). Treatment of diabetes using a stem cell- 
recruiting f actor (s) can also be expected to increase its 
therapeutic effect when combined with administration of a 

10 drug currently used for diabetes (e.g., SU drugs, blguanide 
drugs and thiazolysine derivative drugs). Moreover, it is 
also possible to simultaneously administer a plurality of 
stem cell-recruiting factors. Alternatively, such 
treatment may be used in combination with gene therapy or 

15 the agent for treating diabetes of the present invention 
itself may be adapted to gene therapy by using a gene 
encoding a stem cell-recruiting factor. 

As shown in Example 1 and Figure 2, pancreatic 
P-cells were disrupted in diabetic model mice, but the 

20 presence of p- cells was confirmed to some extent when G-CSF 
was administered to the mice. Thus, the agent for treating 
diabetes of the present invention is also effective as an 
agent for preventing p-cell disruption in pancreatic 
Langerhans' islets or an agent for regenerating p-cells in 

25 pancreatic Langerhans' Islets. 

The present invention further relates to a method for 
producing pancreatic Langerhans p-cells, which is 
characterized by collecting stem cells after administering 
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a stem cell-recruiting factor or factors, and then 
differentiating the collected stem cells into pancreatic 
Langerhans cells. 

Stem cells may be collected in a known manner, for 
5 example, by isolating mononuclear cells from the peripheral 
blood or by sorting blood having a stem cell marker such as 
CD34, c-kit or CD133 to give a stem cell fraction. 

The stem cells thus collected may be differentiated 
into pancreatic Langerhans p-cells in any manner, for 

10 example, by culturing the stem cells in the presence of a 
differentiation- inducing factor for pancreatic Langerhans 
P-cells, by treating the stem cells with a differentiation- 
inducing factor for pancreatic Langerhans p- cells, or by 
growing the stem cells using cell fusion techniques. 

15 The differentiation factor for pancreatic Langerhans 

P- cells used in the present invention is not limited in any 
way as long as it allows differentiation of stem cells into 
pancreatic Langerhans p-cells. Specific examples of such a 
factor include bFGF, Reg gene, TGF, IGFl, activin A, NGF, 

20 VEGF and interferons. 

The method of the present invention is believed to be 
superior also from an ethical point of view because the 
present method allows the differentiation of autologous 
bone marrow cells into p- cells and is less likely to cause 

25 rejection reactions in patients compared with the current 
treatment of p-cell transplantation using embryonic stem 
cells. Moreover, the method of the present invention can 
be a radical treatment and can free diabetic patients from 
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having to administer Insulin Injections, thus enabling 
significant Improvements In the quality of life. 

EXAMPLES 

5 The present Invention will be Illustrated by way of 

the following experimental example. 

Experimental Example 1 

Streptozocln was Intraperltoneally administered to 

10 mice at a dose of 100 mg/kg to disrupt their pancreatic 
cells, thereby creating diabetic models. Starting 1 day 
after streptozocln administration, G-CSF (300 |xg/kg) or Its 
vehicle was subcutaneous ly administered once a day for 9 
consecutive days. Before and after 1, 2, 4, 7, 14 and 22 

15 days of streptozocln administration, the blood glucose 
concentration was measured for each mouse. The results 
obtained are shown In Figure 1. In the mice administered 
with streptozocln, the blood glucose concentration started 
to increase after streptozocln administration, but the 

20 G-CSF group showed a lower blood glucose concentration than 
the vehicle group. 

Further, In a similar experiment, streptozocln was 
Intraperltoneally administered to mice at a dose of 160 
mg/kg, followed by subcutaneous administration of G-CSF 

25 (300 (ig/kg) or Its vehicle once a day for 8 consecutive 
days, starting from the day following the streptozocln 
administration. At two weeks after streptozocln 
administration, pancreases of the mice were extracted to 
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prepare frozen sections. These sections were immunostained 
with an anti-insulin antibody to stain p-cells of 
pancreatic Langerhans' islets and provided for comparison 
with normal mouse pancreas. The results obtained are shown 
5 in Figure 2. in the vehicle group, p -cells were disrupted 
by administration of streptozocin (upper right panel), 
whereas the presence of p-cells was confirmed to some 
extent in the G-CSF group (lower right panel). This is 
because G-CSF administration reduces the streptozocin- 
10 induced disruption of p-cells in pancreatic Langerhans' 
islets or regenerates the disrupted p-cells. 



INDUSTRIAL APPLICABILITY 

The present invention can be expected to provide a 
15 radical treatment for diabetes and enables significant 
improvements in the quality of a patient's life. The 
treatment according to the present invention is simple, 
safe and effective when compared to conventional treatment. 
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